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Remarks 

Applicant and his representatives wish to thank Examiner Ha ftr the borough 
examination of the present application^ and tire detailed explanations in the Office Action dated 
December 20, 2005, AppHcant has careWly reviewed *e Examiner's Office Action, and 
TcspcctfbUy traverses the new grounds of rqection below. 

The present invention relates to a method for packagmg a semiconductor device, 
including the steps of (a) forming an Au bump on a bond pad of a wafer, (b) dicing the wafer 
into a chip, and (c) attaching the Au bump of the chip to a substrate to form a flip«^hip bond by 
using a ihermo*pressurc process. Although the Office Action appears to assert that the metal 
balls 80 of Soga et al. (U.S. Pat Appl. Publ. No. 2002/0171 157) correspond to the Au bump of 
the present clahns, the art c^ipears to recogniiice differences between the metal balls 80 of Soga ct 
aL and the Au bump of the present claims. Tlie present invention is thereby believed to enable 
miniaturisation of the semiconductor device^ simplification of the packaging process, and 
reduced costs, relative to tiie method of Soga et al. 

The references cited by the Examiner (Soga et aL and Fukao et al. tU.S. Pat AppL PubL 
No. 2003/0011078]) neither disclose nor suggest attaching an Au bump on the bond pad of a 
wafer to a substmte. Thus, the present claims are patentable over the cited references. 

The Rejection ofClaimslrSimder 3S_U,S,C, S lOZdii 

The rejection of Claims 1-3 under 35 U-S.C § 102(a) as being anticipated by Soga et at 
is respectfully tiaversed. 

Soga et al. disclose junctions fbnned between a semiconductor device and a substmte, 
comprising metal balls (Cu, etc.) and compounds of Sn and the metal balls, and the metal balls 
are bonded together by the compounds (Abstract). With regard to FIGS. 16(a)-(d), Soga ct al, 
disclose a package of a chip 25 and junction substrate 14, obtained by the temperature- 
hierarchical bonding of Pb-free solder by use of Cu balls 80 (Soga et al., p. 12, paragraph 
{0115])- As regards the shape of a bump, Soga et al, disclose a ball bump (FIG. 16(b)), a wire 
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bond bump (FIG. 16(c)) and a Cu-plated bump of a readily defbnnable structure (FIG. 16(d)) 
(Soga ct al., p. 12, paragraph [01 15]). 

Although Soga ct al, use the term "bump" to describe Cu balls 80, it is believed that this 
term merely refers to a deformed shapo of Cu balls 80. For example, Soga et al. teach that in the 
case shoivn in FIG. 16(a), Soga et at form bonds by feeding Sn onto a thin-film pads 82 on the 
side of the Si chip 25 by vapor deposition, plating, a paste, or the composite paste including 
metal balls and solder balls; thermally pressure-bonding thereto metal balls 80 such as balls of 
Cu, Ag, Au, eta or Au-platcd Al balls, or metallized organic resin balls to thereliy form an 
intemietBllic compound 84 with Sn; then bonding to a junction substmte (Soga et al., p. 12, 
paragraph [01 IS]). This disclosure is consistent with the understanding tn the art that solder 
balls or metal balls arc typically used in flip dnp bonding (see, e.g., Wol:^ Silicon Processing for 
the VLSI Era, Volume 1 - Process Technology ed. 2000], p, 858, last 5 lines; previously 
submitted with the Amendment filed October 12, 2005), whereas Au bumps (as that term is 
genenilly undecstood in the art) appears to be associated with tape autotnated bonding (or TAB; 
see Wolf, p. 854, IL 2-5 from the bottom, and p. 855, submitted henswitb). Consistent with the 
understanding in the art, the Au bump of the present Claim 1 may have a piUar sbi^e (sec, e.g., 
Au bump 200 In FIG* 3A of the present application)* Thus, it is believed that the altematve Au, 
etc. or An-platedAl bails may &nn the ball bump or wire bond bump of Soga etal (FIGS. 
I6(b>(c)) are difibrcnt from, and not equivalent to, the Au bump recited in Claim 1 (further 
compare, e.g^ the paragraph bridging pp. 1-2 of the present specification with p. 2, 11. 9-21 of the 
present specification). 

Further, since the metal balls 80 of Soga ct at are ball-sbaped, the metal balls 80 are 
believed to have a relatively small contact surface with the chip 25, and it is believed that they 
cannot be readily attached to the chip 25 and that they show low inlcrconncctivity. Therefore, it 
is believed that the metal balls 80 cannot be dirccdy connected to the chip 25, and addidonalty 
require the processes of forming thin £lm pad 82 and inteimetallic compound 84 to connect the 
metal balls 80 to the chip 25. In contrast, the Au bump of the present Claims 1-3 can be pillar- 
shaped, as stated above. As a result, the presently claimed Au bump can be directly connected to 
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the chip (eg., through an interface metallurgy on a bond pad, as disclosed by Wolf in Fig. 17-1 1« 
p. 85 6t submitted herewith), vdtbout using both the intcanetalUc compound 84 and the thin Sim 
pad 82 as disclosed by Sog^ et aL 

Soga ct aL also discloses a flip chip mounting structure in HC. 5(sl\ in which Si chips 8 
aic bonded by die bonding vAulo the terminals arc connected by vm& bonding (see, ^g,, Soga et 
aL, page 8, paragraph [0086]). Although Soga ct al. discloses Au or Cu bumps 18 of each of the 
Si chips bonded to the junction substrate 35 by supplying a paste thereto (see, e,g», Soga et a].» 
page 8, parag^ph [0086])» the Au or Cu bumps 18 of FIG. S(a) appear to be metal ballsj as 
disclosed in the Abstract, shown in HQ. 16(a), and as described later in paragraph [0086] Ox^ 
'Sdiere An ball bumps arc used «4iile Sn-platcd terminals arc provided on the substrate^; see 
Soga ct aL, page 8, paragraph [0086], IL 26-30; emphasis added). 

As Applicant stated earlier in prosecution, a typical flip chip bonding process does not 
include the steps of forming an Au bump on a bond pad and attaching the Au bump of the chip to 
a substrate using a thcrmo-pressurc process. A typical flip chip bonding process includes the 
steps of forming balls on the bond pads, flipping the chip over to place the balls In contact with 
the substrate, and applying a rcflow process to attach the solder balls to the substmte (see, e.g„ 
WolC pp. 857-858, previously submitted.) The disclosure of Soga et al- appears to be consistent 
with dsis understanding and with Applicant's positions. Therefore, Soga et aL do not disclose or 
suggest forming an Au bump on a bond pad and attaching the Au bump of the chip to a substrate, 
as recited in Claim 1. 

Consequently, this ground of rejection is believed to be unsustainable, and Applicant 
respectfully requests withdrawal tiicreof. 

The RejccliQii of CJaim 4 under 35 XIJSjCL 6 103ra> 

The rgection of Claim 4 under 35 VJS.C § 103(a) as being unpatentable over Soga et aJ* 
and Ftikao et aL is respectfully traversed. 
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As discussed above, Soga ct at is believed to be deficient vdih regard to attaching on Au 
bump as recited in Ihc present Claim 1. Fukao et aL Mis to cure this deficiency. 

The disclosure of Fukao ct aL relates to a scmieonductor module and producing method 
tiicrefor (Title). Fukao ct al. disclose that a gold bump or a nickel bump 7 is applied to the pad 
pordon 2a of a bare IC chip 2 (sec Fukao et al., p. 4» paragraph [0079]}. However^ Fukao et el. 
directly connect an end of a lead terminal 3 to the pad portion 2a of the bare IC chip 2 to via a 
bump 7 made of gold, nickel, solder or the like (see Fukao ct aL, p. 4, pamgraph [0080], and 
FIG* 2). Therefore, it is believed that Fukao ct aL do not disclose or suggest attaching the Au 
bump of the chip to a substrate to form a flip-chip bond. 

As a result, it is believed that neither Soga et al. nor Fukao ct aL disclose attaching an Au 
bump on a bond pad of a chip to a substrate to form a flip chip bond Therefore, it is believed 
that no combination of the two references can disclose or suggest all of the limitations of Claim 
1, and Applicant respectfiilly requests withdrawal of the rqeciion under 35 U,S.C. § 103(a) of 
Claim 4 (which depends &om Claim I). 

Cottdiisioaa 

In view of the above remarks, all bases for objection and rejection are beh'cved to be 
overcome, and the application is believed to be in condition for allowance. Early notice to that 
effect is earnestly requested 
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If it is deemed helpful or beneficial to the efficient prosecution of the present application, 
the £)caminer is invited to contact Applicant's undersigned representative by telephone. 



Rcspcctfiilly submitted, 

Andrew D. Fortncy, Ph.D. 
Reg. No. 34,600 

The lAW omcEs of A>n5RBw D. fomnev, Ph p.C. 

7257 N. Maple Avenue, Suite 107 
Fresno, Caiifomia 93720 
(559)299 - 0128 

ADFadf 
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1^ BrU «beariM 9etup» abawixigtlio mazi^ 

a gold (All) biunp TAB), or n soUcr ball Qn jEUp-dtip} is ]ilac«d over tho pad. Hiis protects 
tfao cooosioii scQsittvA AL ZCs assembled with the lAStcr methods con exhibit reduced device 
failtxie zntes ftom eocrosioti over dcvicea assembled ^th wire bonding. 

17S2 Win Band spaclDD 

Ab ibo number of fiytrffimT comiectionB to on IC incxetisesi a lotser nmnber of bond pads on die 
chip flze needed* Since the number of such pads is incieafiing "fiip^^ dum the chq> ffm^ thn bond 
pad pitch (bond pad ccPOteMo-ceoter distance) mnst decrease, especially if the bond pads are 
along Ihepenphoy of the chip (asls thfi case with wire bonds). In memory chips, tbapada m 
IflcaiedDhmg onlyMofiidngaidaiof ttocbi^ (or in ^di^ center for LOCpadcages, see 
SfiCL 17.10 J). In logic and mietopcoeessor cUps ibe VO comic is incresring and tbo active 
dcivied slzft is decreasmg. ThQ8» the isterconnoct oicatopQSseiitsalaiigo&RctionoftbetotaISi 
mtm. la some cases, it ma/ even detemdne the ch^ sbe, as extra spaco is needed annmd the 
active em fac arfdirtoiml pad placement Ihe miaimdm wictf bonding pitch has been steadily 
dediidng^ iuid USB had decreased to 50-80 /m (widi 23 /on wires). The wise span from the 
chip to the psekage is typically J to 4 mm. Larger wires eoold lead to diorts to adjacent wires., 
as longer wires am more Hkely to dnipp or defcEnuLi pinstie packages, longer wires can also 
defoon due to resin How dudng the xnohOng qperatioa. To allow more wire bonds to be made 
on tt chip. whUo mcotbig the mtoimmn pad pitch and wire length legniTTminrtB^ staggeced bond 
pads and poclAge tcdcaetog are sometimes en^loyed as asolntiaD (E^g. 17»9). 

17£ J Taps Aidomaim BoiuUng (TAB) 

Bor cUps that xcqoira high inn onmts Ce.g., more Ihstt about 208 phis), wire bonding becomes 
tutiesirablc. as the cbJp dxe mnst giow to accommodate the space for tlie wire43ood pads^ An 
alteroative chip-pad to padcagr^^ad connection method called tape^autamaud bonding pMS) 
has been devdoped to bondlfi sncii applicatioiia. In the mediod. the wires of wifD'baa 
are replaced with findy pattonod thio metd leads (osnaUy made of Cn fan. plaied 1^ 
SiO* The TAB mediod mvdlyoa bonding silicon dups to pattenied metd^on-polymBr tapo by 
tliermDCDmpiesaDn bonding (^ilor to the ifie^nmich procedure). UsnaBy, these leads are fisnsed 
by depofiitiag the laetd film onto aflejcihle stdp of polymer tape. Th 

lithogmphic techniqoes siaiibr to those used {a the IC fabrication process. Tbis fortns the 
desired lead pattenu and tbo rostdt is a six^ of tapt, contnitting iruuiy Incfividnd lead i^stems 
(Pi^ 17-10). The mostpppnlsr way of connectmg these leads to die diip invdves the emalioii 
of boxnps on the chip bonding pads (formed dectniplatiag Au). The tape is moved by 
pprodcati ootil one of fbe lead; systems is posidoned esotdly over die cb^ and die leads are then 
'thetmaHy bonded to these bimips. Note, however, that vstiattais to die TAB process described 
above have also been used commercially (see Pdt 12). 
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Ri 17Hi Bond pads Mosgcnd oa dltrom 1^ 

Ihfi MdcaiiDxi of the bionps on tSm bmd p&da is a mnlti^fitisp prDcess UPi^ 17-11). Fiist a 
molli-li^er xactalfitm (conradng of Gr« Co* and An layeis) ia Aputter^kipOfdtBd iii blnnkEt fium 
cmto tlio mto muto Oxddch b cinmd with a im^^ 

litfadgniphy is tbeaosodto crantD patjcoid inapbotomiHtfilmiliBtwiU flocu &2S^;im* 
thick m n«k for the An cslcctrqplikting stqp. Thnt is, oposunss ia the xefixfit am etfisted cwcr tbe 
bcmdingpadB. where dectcppMosix ihiao^ 10-30 /imdiick.Kext; the 

icmsti&ittnppcd* Hndllyi toeoiniiteloiliAbnmpfiiaiifllioiu tfiediffiudDD-baizicrSlinlactdictL 




PAGE1S/16'RCVDAT4/2IU20(i6 7:41:31 PMpstemDayGgtitronel'SVft^^^ 



flPR-£0-E006(THU) 16: d7 R. FORTNEy LRIil OFFICE (FflX)559E9901 1 8 P. 016/016 



aStf SEJCDNPROCBSSONGPaRT^VISIERA 




Flff* 17-11 Gdd tanp procaswiofffor TAB.^^ BcptitttBd with peoniBBlcm ofSdEd Slain Tcdmalofiy. 

21)0 Au bninpa pntcet xenons of the bazrier layer film imdeciiBatli them from bdag etched 
doDQg ^^^P step* 

The bcm^Qiig of the metnl leads to ttm brnnpi on the chip is done idmoltuieoDfdy hy 
thennoeinnptosslon {Fig. 17**12). Tbat a heated thumoda 0OO-36Ot:!} is pressed ogBtnsc the 
leads, which fire each prestdng against a hmnp on &e chip. The ibetmode applied a load 
of abonc 10 kgAtmn^ for 1-2 seconds to fomi the bond bet^^ Thisstepis 
Inowa as mner-iead bondtnjit. As this point, the chip has heca atta^ied to the tx^ that cames 
die lead pnttmii Ncx4 Ae chip and lead pattern am ^iMmppnian^i^ (ivfatte iheiy are tidll nwnM^^ to 
the strip of tape), nasally hy plastic molding (Fig. yiAJi^ The p&(deagM) chipa an sepocoted 
fimm the coafinnDnB tape that Ottziex ^ leads, to fotm on jmSvidnal packaged pace. Ihose 
packaged ports axe fiaaUy attached to^pruttedyidrbtgbpfinlCFWB) by aprocess caQod outer' 
iead honing Pg, 17-14}. That is. the packngedchip with the leads m place b trans&cred to the 
FWB« where the leads are nttached to the land pattotos on the boaid (ninially by a lowv 
tempenUnre bonding process, snch osput^tharnwde r^fla^, to piotect ffaeFWB lamimUe]. 

In addtdon to allowing bonding pads with smatlor jntches than the ones ncsoded for wizc 
bondingi TAB oObai the advastngps of speed (sioee aQ the bonds are fanned at oflce)* and the 
em;BafantnmatiflnoSbedby theti^andspradtttsysteDL (as do 
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